Abstract:Choosing cement and lime as inorganic binder, stabled chromium slag and then did the tests of the compaction, unconfined compressive strength and the stability for studying it as road base material, perfected the base material mixture ratio design and comparatively analyzed its mechanical properties and environmental indicators.Tests and analysis show that cement stable chromium slag when inorganic binder used alone on the basis of the optimal mixture ratio, which is better to meet the using performance requirements as road base materials; Mechanical performance offered by lime stable chromium slag is a bit weak, while it can be obtained extra stability effect to plus a small amount of cement or fly ash.
I. INTRODUCTION
The base course of road, below the surface, is mainly bear the vehicle load that passed down from the surface and spread to the load of roadbed [1] . Cement stable gravel, two ash stable gravel and macadam mixture, which is widely used at present on the highway road base, but the accessing of these materials will damage to the environment. In order to achieving the double benefit of economy and environmental protection, it can make full use of chromium slag to instead of gravel and has a broad application prospect as the semi-rigid base or subbase.
Hexavalent chromium (Cr(VI)) is the first category of heavy metal pollutants, it has strong oxidative toxicity and causes damage to human body, crops organism. Hexavalent chromium is also strong carcinogenic and mutagenic characteristics. Chromium and its compounds pollution is serious, especially in high carbon ferrochrome slag (hereinafter referred to as the chromium slag) pollution. Chromium slag is a kind of industrial waste residue, which has bigger harm of the environment, plants and animals and humans and is the world recognized solid waste that has bigger pollution threat, complex properties and difficult to deal with.
In order to strictly control the chromium pollution, China formulated multiple control standards of the hexavalent chromium and total chromium. Sewage comprehensive discharge standard of Cr(VI) in the industrial wastewater in our country is 0.5 mg/L [2] .
It is the key as the applications of chromium slag to the road base or subbase that how to make use of chromium slag activity and avoid the instability of chromium slag. In this paper, using cement and lime as inorganic binder to stable chromium slag to get the best moisture contentand maximum dry density of stable body by the compaction test, improving the design of base material mixture on the basis of the optimum water content; Determine the unconfined compressive strength stability of body based on the optimal proportion, to provide feasible basis for the application of chromium slag in road base or subbase reasonably and effectively; Take the broken pieces of the stable body form the unconfined compressive strength test in 7 days ages, and determinate the Cr (VI) content in the states of water soluble, acid soluble and alkaline soluble, compare with the national standard to ensure it can be meet the requirements of the environmental indicators .
II. TEST RAW MATERIALS
Chromium slag: from a factory in Inner Mongolia chromium slag yards, appearance is brown-black. The test International Conference on Chemical, Material and Food Engineering (CMFE-2015) is refer to JTG E42-2005 [3] , particle composition measured is shown in Table 1，crush value is 20. 7%, the apparent density of 2.710 g/cm 3 . Lime: use Shanghai flower garden brand lime powder, white, chemical formula is CaO, molecular weight is 56.08, proportion is 3.25 ~ 3.38, melting point is 2580°C, boiling point is 2850 °C.
III. TEST RESULTS AND ANALYSIS

A. The best moisture content and maximum dry density
According to JTG E51-2009 [5] , chromium slag belongs to the fine grading for its particle size is less than 5 mm, using light compaction test standard, test tube volume is 997 cm 3 , hammering points 5 layer, each layer of hammer 27 times. According to the tentative test to determine the mixture of cement and lime measurement is 40%, Dried sample moisture content is 0.684%, Estimate the optimal moisture content is 16%, Mixture density is 2.71g/cm 3 , Water content is 14%, 16%, 18%, 20%, 22%. Main test data is shown in Table 3 . Curves of relationship between water content and dry density (i.e.W ~ P d curve) on cement and lime stable chromium slag(i.e. cement stable body and lime stable body) are shown in Fig .1 and Fig .2 . It can be seen from Fig .1 and Fig .2 that the best water content (W 0 ) and the maximum dry density (P dm ) of cement stable body are 11.9% and 2.038 g/cm3, and that of lime stabilized body are 10.8% and 2.050 g/cm3. It is easy to achieve from W~Pd curve of cement stable body that the influence of water content to dry density is very big, the estimate main area of influence the water content is 9.0% to 15.0% and the peak is obvious; For W~Pd curve of lime stabilized body, the influence of water content of dry density is bigger, while the main influence area of the water content to dry density is unable to estimate and the peak is not easy to get.
B. Unconfined compressive strength
According to the best water content determined by the compaction test, the optimum mixture ratio is get and shown in Table 4 . Using static pressure molding, forming a 100×100 mm specimens for fine grading chromium slag, and specimens after forming are put into the standard curing indoor whose the temperature (20  2°C), relative humidity more than 95% to one day ago of curing age, flooding one day before the test. Using hydraulic press to do the unconfined compressive strength test, loading rate of press is 1 mm/min. The number of specimens in each group is not less than 9, variation coefficient of test results (C v ) is less than 10% .Test results are shown in Table 5 . From Table 5 , the variation coefficient (C v ) of the experimental data is less than 10%, which shows that the selection of test data is feasible; Unconfined compressive strength in different instars of Cement stable body is greater than that of lime stable body, especially the strength of 28 days. But as Pozzolanic reaction is different from cement hydration, the structural strength provided by lime stable body is not better than cement stable body, and therefore using less alone. And on other stabilization process, it can get extra stability improvement add a small amount of cement or fly ash with lime to solid waste [6] .
C. Stable effect a) Chromium Standard Curve Drawing
In accordance with the method prescribed by the (GB 7467-87) to text, correction data in standard series by blank test is shown in Table 6 . Cr(VI) content (µg) as the abscissa, the difference between standard solution absorbance (A) and the reagent blank liquid absorbance (A 0 ) as the ordinate standard to make the results to curve plotting, using least square method for linear fitting, chromium standard curve of the linear regression equation is obtained for the equation (1).
Chromium standard curve and test values is shown in Fig .3 , the equation (1) linear correlation is higher, which can be used for calculating Cr(VI) content. 
b) Discriminant of stable effect
Take chromium slag and the stable body block from the unconfined compressive strength test of 7 days, crush and dry it, and through it out of 150 mesh screen square hole, put it in a constant temperature drying oven (temperature is 105°C) in 4 hours then take out and set aside.Use the HJT 301-301 [7] to determinate the concentration of Cr(VI) in the solidified body. The analysis method of Cr(VI) is (GB 7467-87) [8] .
By chromium slag, cement stable body and lime stably body in different dissolved state absorbance and chromium standard curve regression equation (2.1) to Cr (VI) concentration of leaching in Table 7 , stable effect of different dissolved states is shown in Fig .4 . According to the Table 7 and Fig .4 , leaching concentration of Cr(VI) in acid soluble and water soluble states of chromium slag is out national standard, while that in alkaline soluble state is qualified; Chromium slag after cement stable and lime stable, leaching concentration of Cr(VI) in three state are greatly reduced and all up to the national discharge standard.
The mechanism of Cement stability is cement formed a hard stone structure that close to rock properties and give priority to with hydrated calcium silicate gel after the cement hydration. Chromium slag was mixed with cement matrix, its hexavalent chromium was packaged or adsorption by hydrated calcium silicate gel (SCH) under the action of physical and chemistry; Another product of cement hydration is ettringite (AFt), it can form solid solution with hexavalent chromium in waste, and also reduce the mobility of the hexavalent chromium in waste and the cement matrix; Another point is that due to the structure of the cement has gel holes and a small amount of porosity, therefore it is pore impervious under atmospheric pressure, chrome enclosed in cement could not be dissolved and spread out [9] .
The mechanism of lime stability is lime is used as a stabilizer to improve mixture of pH value, while chromium slag has a strong alkaline (PH is10 ~ 13) [10] , and it makes the Cr(VI) of stable body is not easy to be released into the natural environment by physical and chemical reaction in acidic state.
IV. CONCLUSION
By the compaction test, it can be gotten that the optimum water content (W 0 ) of cement and lime stable chromium slag are 11.9% and 10.8%, and optimal mixture ratio is easy to achieve based on it.
On the basis of the optimal mixture ratio, cement stable chromium slag can better meet using performance requirements as the road base materials when inorganic binder is used alone; Mechanical performance of lime stable chromium slag is a bit weak, while it can get extra stability improvement to plus a small amount of cement or fly ash.
Cr (VI) leaching concentration of chromium slag in water soluble and acid soluble state are beyond the integrated wastewater discharge standard in China, it needs to repeat leaching in order to achieve the goal of free-pollution disposal; The effect of chromium slag stabilized by cement and lime is obvious, and Cr (VI) concentration of leaching under each medium can satisfy the requirements of national standard.
As industrial waste residue of chromium slag, it can be formed the semi-rigid base materials after the stability of the inorganic binder, applying reasonably and effectively in road base is not only reduce the pollution of the waste chromium slag and develop its comprehensive utilization, but also realize the double benefit of economy and environment protection.
